Enucleation, or surgical removal of the entire eye globe, was described by Bartisch in 1583, and was described in combination with orbital volume replacement (implant) by Mules in 1585. [1] [2] [3] In the US, trauma is the leading indication for enucleation (40.9% of cases), followed by tumors (28% of cases). 4, 5 Other indications include painful blind eye, phthisis with degeneration, congenital anophthalmia, severe microphthalmia, unresponsive endophthalmitis, and for improvement of cosmesis in a blind eye.
Enucleation, or surgical removal of the entire eye globe, was described by Bartisch in 1583, and was described in combination with orbital volume replacement (implant) by Mules in 1585. [1] [2] [3] In the US, trauma is the leading indication for enucleation (40.9% of cases), followed by tumors (28% of cases). 4, 5 Other indications include painful blind eye, phthisis with degeneration, congenital anophthalmia, severe microphthalmia, unresponsive endophthalmitis, and for improvement of cosmesis in a blind eye. 4 Various materials may be used to create orbital implants, including cartilage, bone, fat, gold, silver, cork, rubber, aluminum, ivory, silk, wool, petroleum jelly, acrylics, silicone, glass, titanium, quartz, and porous materials such as hydroxyapatite (HA) and polyethylene. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Unfortunately, however, several reports describe the associated complications of using such materials, such as exposure, displacement, extrusion, and orbital infection. 7, 14, 16 The orbital implant and overlying prosthesis work together to allow excellent overall cosmesis and eye movement after enucleation. Most patients are pleased with the result and few require secondary cosmetic surgery. After healing, the appearance of the anophthalmic patient's affected eye should be similar in all aspects to their other, normal eye. 17 Herein, we briefly review the main types of orbital implants, and the main enucleation surgical techniques reported in the literature.
Types of Implants and Enucleation Surgical Techniques
In the modern era, several types of orbital implants are available for volume replacement after removal of the eye. They can be classified into two major groups: non-integrated orbital implants (primarily polymethylmethacrylate [PMMA] ) and integrated porous orbital implants (typically plastic, bone, or coral). [18] [19] [20] [21] [22] [23] [24] The difference between these two major groups is that integrated implants allow fibrovascular invasion or incorporation into the living orbit. Graue and Finger demonstrated that on positron emission tomography (PET)/computed tomography (CT) imaging, porous orbital implants absorb 18-fluorodeoxyglucose contrast, indicating metabolic activity within the implanted device. 25 That fibrovascular invasion does not occur with non-integrated implants.
Surgical Techniques
Enucleation surgery is usually done under general anesthesia. First, the surgeon resects the conjunctiva from the surgical limbus (periotomy), followed by dissection of the Tenon's capsule (tenotomy). Then the four recti muscles (with or without the two oblique muscles) need to be isolated, tied by 6-0 absorbable suture, followed by muscle resection from the insertion, and homeostasis. Then the eye globe should be pulled anteriorly (either from the stump of the medial rectus, assisted To maintain the fornices and to prepare them for prosthesis fitting (usually six weeks after enucleation), a conformer of adequate size (small, medium, or large) needs to be inserted anterior to the sutured conjunctiva, with topical antibiotic and tight patching of the eye for two to five days. An alternative to the conformer is immediate painted prosthesis insertion at the time of the surgery, or early prosthesis insertion at the time of patch removal, to allow for cosmetic rehabilitation and improved quality of life. This prosthesis may need to be replaced by a custom-made one after six weeks.
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Discussion
An ideal orbital implant and surgical technique should yield excellent prosthesis motility and cosmesis, with very few complications.
The technique includes choosing an appropriately sized implant, positioning the implant deeply in the orbit, meticulously closing the Tenon capsule over the implant, and securing the conjunctiva over the implant without tension.
Imbrication of the rectus muscles over a non-integrated implant traditionally was thought to impart movement to the implant and prosthesis. Like a ball-and-socket joint, when the implant moves, the prosthesis on surface moves. However, because the so-called ball and socket are separated by layers of Tenon's capsule, imbricated muscles, and conjunctiva, the mechanical efficiency of transmission of movement from the implant to the prosthesis is suboptimal. In addition to that, imbrication of the recti over the smooth surface of nonintegrated implants can result in implant displacement and migration. [12] [13] [14] [15] Integrated porous implants have been used for more than two decades now and they provide better implant movement than the traditional non-integrated implants because of direct attachment of extraocular muscles to the implant, 33 and they are associated with less migration and extrusion. 5, 33 Custer et al. 34 reported that there was no difference in implant movement when sclera-wrapped non-integrated implants and sclera-wrapped integrated implants were compared, thus indicating that the implant material itself may not have a bearing on implant movement, as long as the muscles are attached directly or indirectly to the implant.
Although the porous implants have been reported to offer improved implant movement, 35 these are more expensive and intrusive, requiring wrapping, and also are prone to implant exposure. 33 The cosmetic appearance of the prosthesis 36, 37 and implant migration and extrusion 37, 38 are subjective outcome measures, while implant and prosthesis movement are objective, and hence were used as the primary outcome measure in a randomized controlled trial by Shome et al., 30 who compared the differences in implant and prosthetic movement after myoconjunctival enucleation (with non-integrated PMMA implant) with those of two other standard techniques: the traditional muscle imbrication technique (with non-integrated PMMA implant) and enucleation with integrated porous polyethylene implant. They found that myoconjunctival PMMA implant movement was better than the traditional PMMA implant, and was similar to that of the porous polyethylene implant. Even more, prosthesis movement with the myoconjunctival PMMA implant was better than that with either the traditional PMMA or porous polyethylene implants. The prosthesis movement associated with the myoconjunctival PMMA implant was better than with the integrated porous polyethylene implant.
That is possibly because the attachment of the extraocular muscle to the fornices causes exaggerated deepening and shallowing of the fornices when the patient attempts to look in different directions, thereby causing further enhanced prosthesis movement.
Unfortunately, many complications are associated with integrated implants. Rates of exposure and postoperative inflammation of integrated HA implants range from 0% to 22%, 15, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] while it is almost (0%) for silicone implants. 45 Buettner and Bartley 42 proposed that exposure of HA implants is related to the inflammatory reaction incited by the implant or by delayed fibrous ingrowth. Goldberg et al. 46 suggested that use of HA implants, even with exposure, was less likely to lead to extrusion or infection compared with exposure with silicone or acrylic implants. Shields et al. 47 described 100 cases of HA implants, among which they reported six patients with excessive postoperative orbital pain, two patients with wound edema, and one patient with erosion. In another report of 250 cases they described eight patients with conjunctival thinning, four patients with erosions, and one with orbital infection.
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Conclusion
In conclusion, orbital implants have been used for more than a century. Serious complications can occur, but they do so infrequently. Different surgical techniques were described in the literature; both the myoconjunctival enucleation technique (with non-integrated implant) and the integrated porous orbital implant technique result in better implant and prosthesis movement than the traditional muscle imbrication enucleation technique with a PMMA implant. ■
